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It  is known  from previous work'  that it is possible  to produce  im-
mune bodies which act specifically  on various simple chemical groups.
The antibodies  referred to developed in rabbits after  the injection of
chemical  compounds  of  certain  simple  substances  with  proteins.
The immune  sera  caused  precipitation  when  added  to  the  antigens
employed.  In order to demonstrate the specificity of reaction against
these  simple  groups,  different  proteins  were  used  for  immunization
and for  the tests in vitro.  This was done  so  as to exclude such  reac-
tions  as are dependent  upon the quality  of the injected protein itself.
It  was  an  obvious task  to ascertain  whether  similar  results  could
be obtained by the anaphylactic  method.  If  this  proved  the case, it
should  be  possible  to  discover  whether  the  simple  substances  con-
tained  in  the  antigen  will  suffice  to produce  anaphylactic  shock  or
antianaphylaxis.  The relation  of  an investigation  of  this  character
to the problem  of drug allergy  is evident.2 Since animals sensitized
with antigens containing  various proteins  can be tested with one and
the same  substance  by means  of  the method, it might  also be  useful
in comparing the  antigenic activity of different  proteins.
The investigations  have  been  restricted  by  a  technical  difficulty,
i.e.  the  toxicity  of  the solutions  when  injected intravenously.  The
method  employed  for  their  preparation,  which  is  described  below,
failed  to  give  constant  results  in  this  respect.  Hence  the  toxicity
of  the solutions  had  to be tested  on normal animals before  the solu-
tions  could  be used on sensitized  animals.
* Eighteenth paper on antigens.
1 Landsteiner,  K., and Lampl, H., Biochem. Z.,  1918, lxxxvi, 343; 1920, civ, 280.
2 For the discussion of this question see Wells, H. G., Physiol. Rev.,  1921,  i, 44.
Coca, A. F., in Tice, F., Practice of medicine, New York,  1920, i,  107.  Doerr, R.,
Schweiz.  med. Woch.,  1921,  ii, 937.
631ANAPHYLAXIS  TO  AZOPROTEINS
The  methods,  both  for  preparing  the  test  solutions  and  for  the
carrying out of the animal experiments,  have not been greatly varied;
further  efforts may  lead  to  their improvement.
The  numerous  communications  dealing  with  attempts  to  induce
hypersensitiveness  by  means  of  simple  chemical  substances  or  by
passive  treatment  with  serum  of  hypersensitive  human  beings  need
not be referred to, but mention should be made of certain experiments
with  artificially  altered  proteins.3 From  them it appears  that  ani-
mals  can  be  sensitized with proteins  modified  sufficiently  to  impair
their  species  specificity  (xanthoprotein,  iodoprotein).  The  animals
reacted  with  the protein  used  for  the sensitization  and usually with
unchanged  protein  of  the  same  animal, and  furthermore in some  of
the reported  experiments with other proteins  which had been altered
in a similar way as the sensitizing protein.  As a rule, the experiments
did not give  as regular  results  as  in  the  case  of  anaphylactic  tests
with unchanged  proteins.
EXPERIMENTAL.
4
For  the  sensitizing  injections  the  solution  was  prepared  as  follows:  4  gm.
sodium  para-arsanilate  (atoxyl)  was  diazotized in  the usual  way,5 and the  solu-
tion  was  added  to  a mixture  of  400  cc.  of  horse  serum  and  100  cc.  of  10  per
cent sodium  carbonate.  After standing for  5  minutes at room temperature,  the
azo-compound  of  the protein  was  precipitated  by  adding sufficient hydrochloric
acid  to bring  about a faintly  acid reaction  on  Congo red  paper.  Foaming  can
be prevented  by the  addition  of octyl  alcohol.  The  precipitate  was  filtered  off
and dissolved  in water by means of  a  weak solution  of  sodium  hydroxide.  The
resulting liquid,  which  should  give  a neutral  reaction to litmus, was  precipitated
by alcohol, the precipitate  collected, and the precipitation  with  alcohol  repeated.
Then  the yellow  precipitate  was dissolved  as before  and  precipitated  by hydro-
chloric acid.  After redissolving and neutralizing the brown solution was adjusted
to a content  of about 1 per  cent  sodium  chloride  and  0.5  per  cent  phenol  and
3  Wells,  H. G., J. Infect. Dis., 1908, v, 467.  Pick, E. P., and  Yamanouchi,  T.,
Z. Immunittsforsch., Orig., 1908-09,  i,  676.  Schittenhelm,  A.,  and  Strbbel, H.,
Z.  exp. Path. u. Therap.,  1912,  xi,  102.  Cf.  Freund,  H.,  Biochem. Z.,  1909,  xx,
503.  von Dungern, and Hirschfeld,  Z. Immunititsforsch., Orig., 1911,  xi,  557.
4 A short report  of  a part of the  experiments appeared  in  an article by Land-
steiner, K., Kon. Akad. Wetensch. Amsterdam, 1922, xxxi,  54.
5 Ehrlich,  P., and Bertheim, A., Ber. chem. Ges.,  1907,  xl, 3292.  Jacobs, W. A.,
and Heidelberger,  AM.,  J.  Am.  Chem. Soc..  1921,  xliii,  1632.
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filtered  through  gauze.  The  volume of the solution  being 360 cc.,  it  contained,
on a rough  estimation 7 per cent of the coupled protein.
Guinea pigs weighing 200 to 260 gm. received  four injections  of the solution at
weekly intervals; the animals were given 1 cc. for each of the first three injections,
and  2  cc.  in  the  fourth  injection.  In  previous  experiments4 the  animals  were
given only three injections.
The  solution  used for  reinjection  in most  of  the  experiments  was  prepared
from  chicken  serum  in the  same manner  as  the  horse  azoprotein,  using  2  gm.
of the p-arsanilic salt for every 100 cc.  of serum plus 50  cc. of  10 per cent sodium
carbonate  and  coupling  for  10  minutes  at  room  temperature.  No  phenol  was
added.  The  solution was  precipitated  three  times with  alcohol  and  then  freed
from  suspended  particles  by  careful  centrifugation.  The  protein  content  was
about 5.5 per cent.
As  a  rule,  the  sensitization  was  well  tolerated,  and  the  animals
gained  in  weight.  The  reinjection  was  made  intravenously  4  to 6
weeks after the last sensitizing injection  at which time they weighed
from  350 to 520 gm.  Normal  animals  of corresponding weight were
used  as  controls.  Analogous  azoproteins  were  prepared  with  other
azo-components,  but on intravenous  injection  were  found  to be  too
toxic  for  use.  The  following  results  were  obtained.
Experiment 1.4 -Fourteen  sensitized  animals  were  reinjected  with  from  1 to
2  cc.  of azoprotein  solution.  Five  died within 3 to 7 minutes;  three others had
severe,  and five,  slight  anaphylactic  symptoms.  Nine normal animals  receiving
corresponding quantities of the azoprotein solution,  showed no distinct symptoms.
Experiment 2.-This  experiment  was  carried  out  in  the  same  way.  The
results follow.
Normal  Quantity of  Subsequent
guinea  pigs.  Weight.  azopmtein  solu-  change in body  Symptoms. tion injected.  temperature.
gm.  cC.  C.
1  350  2.0  -2.6  Somewhat weak.
2  350  1.5  --2.0  No marked symptoms.
3  311  1.5  -1.5  Somewhat weak.
4  377  2.0  -0.4  Slight coughing.
5  381  1.5  +1.7  No marked  symptoms.
6  363  1.5  +0.6  "  i 
7  402  1.5  -0.6  "  " 
8  365  1.5  -1.1  "  " 
In  the  former  experiments  the  preparation  was  made  according  to  Land-
steiner,  K.,  Biochem. Z.,  1918,  lxxxvi,  362.  4 gm. atoxyl were used and coupled
for 30 minutes.
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Sensitized  Quantity of  Subseguent
guinea  pigs.  Weight.  azoprotein solu-  change mn  body  Symptoms.
tion injected.  temperature.
gn.  cc.  °C.
9  338  1.0  Death in 5 min.
10  396  1.0  -2.4  Moderate symptoms.
11  478  1.5  Death in 4 min.
12  401  1.5  -0.7  No marked  symptoms.
13  364  1.0  Death in  15 min.
14  390  1.5  -1.4  Slight symptoms.
15  392  1.5  -6.0  Death in 3  hrs.
16  395  1 .5  -7.2  Severe symptoms.
Very slight symptoms  such as scratching and slight jerking are not mentioned
in the tables.
The  symptoms  were  typical  anaphylactic  ones.  Of  the  eight
sensitized  animals,  four  died,  one had  severe,  one,  moderate  symp-
toms,  while  none  of  the  eight  control  animals  showed  marked
symptoms.  In  the  animals  which  succumbed,  the  lungs  were
distended,  mostly  showing  a  few  hemorrhages.  The  changes  in
temperature  reported  are  those  occurring during the  first hour after
injection.
Experiment 3.-A number of the animals sensitized like those of Experiment  2
received  injections  intravenously,  first  of  azo-compounds  made  by  coupling
diazotized amino  acids with aromatic  oxy acids and  1 hour afterwards of chicken
azoprotein  into  the  jugular  vein  of  the  other  side.  The  azo-compounds  were
prepared  according  to  the  method  of  Pauly7 and  precipitated  by  acidifying.
The  precipitate was  washed  with  water and  alcohol.  The  compound of  meta-
amino-benzol-sulfonic  acid  was  precipitated  by  adding  alcohol  and  sodium
chloride.  From  the dry substances,  solutions  were  made  in  saline  containing
0.25  per  cent  of  the  azo-compounds.  0.5  cc.  of  the  solutions  was  injected.
For  the  second  injection,  1.5  cc. of the azoprotein  solution were used.
7 Pauly, H., Z. physiol. Chem.,  1915, xciv,  284.  See Landsteiner,  K., Biochem.
Z.,  1920,  civ, 280.
634Azo-compound  injected.
p-arsanilic  acid  +  tyrosine.
ic  C  c.
p-arsanilic  acid  +  p-oxy-benzoic
acid.
cc  4C  cc
m-amino-benzol-sulfonic  acid  +
tyrosine.
cc  C 
cc  ~~~~~~~~c
cc  cc  ~~~~~cc
io-p-toluic  acid  +  p-oxy-
zoic  acid.
49  99  IC
*8.;
-.0
'ZI0
°C.
+0.6
+0.2
+1.6
+0.4
-0.4
-1.8
-1.3
+0.3
+0.1
-0.8
+0.8
-1.3
-2.2
-4.3
-0.5
cC  c  icc  I
635
Symptoms.
No  marked symptoms.
Death in 20 mi
No marked symptoms.
IC  C  cc
Death in 4 hrs.
Moderate  symptorns.
Severe symptoms.
No marked symptoms.
Death  after  some  hours
during night.
Death in  31 min.
Slight symptoms,  such  as scratching  and  slight jerking,  occurred
in almost all animals and are not reported in the table.  None of the
nine  animals  previously  injected  with  the  derivatives  of  p-arsanilic
acid  showed  marked  symptoms,  while  nine  injected  with  other
"heterologous"  compounds  reacted  almost  in  the  same  proportion
as the simply sensitized one.  Four of these animals died; one showed
severe,  and one moderate symptoms.  Death, however,  did not occur
as soon as in the previous  experiments.
The injection of the various simple azo-compounds failed to give rise to distinct
symptoms  in  sensitized  animals.  Even  1 cc.  of  2.5  or  5  per cent  solutions  of
the  azo-compound  of  p-arsanilic  acid  and  tyrosine,  and  1  cc.  of  a  2  per cent
solution of sodium para-arsanilate were without effect when injected intravenously.
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tized
guinea
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
Weight.
gnm.
402
359
386
446
405
407
417
374
338
505
415
392
433
436
403
424
357
380
517
2-amir
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SUMMARY.
From  the  experiments  which  have  been  reported,  it follows  that
animals  sensitized with one azoprotein react not only to the  antigen
used  for  the  sensitization,  but  also  to  other  azoproteins  made  up
from the same simple azo-compounds  and another protein.  Although
the  specificity  of  the reaction  has not yet  been  tested with  various
azo-components,  its  actual  existence  can  reasonably be  assumed  on
the basis of the phenomena observed in precipitation  reactions.)  The
sensitization  is  brought  about  with  less  facility  than  sensitization
against  the  usual  antigens  and  the  effects  are  not  uniform.  Still,
after sufficient  treatment, 40 per cent of  the  animals  succumbed  with
typical  anaphylactic symptoms,  mostly  within  a short  time  while  16
per cent showed severe symptoms.
The  experiments  show  that it is possible  to make  animals  hyper-
sensitive against a simple chemical group  like para-arsanilic  acid, and
from  this  point  of  view  connection  would  seem  to  be  established
with  the phenomena  of  drug  allergy  in human  beings.8
There is an essential difference, however,  in that the sensitized ani-
mals did not react on injections  of simple  compounds such  as para-
amino-phenyl-arsanilic  acid  and  phenyl-4-arsonic-acid-azo-tyrosine
uncombined  with  protein.  It  remains  to  be  determined  whether
under  changed  conditions  positive  results  in  this  direction  can  be
obtained.9 For  this  purpose  it  seems  advisable  to  make  experi-
ments  with isolated  organs, according  to the method  of  Schultz  and
Dale.  While  the  simple  substances  failed  to  elicit  direct  reactions,
they  protected  (as  was  foreseen  by  Doerr)  against  a  subsequent
injection  of  the active  antigen.  Similar  compounds  not  containing
the arsanilic acid  group were considerably less active.  The phenom-
enon  is  comparable  to  the  inhibition  of precipitin  reactions  already
described.'  Considering the protection  as a condition of antianaphy-
laxis,  one would suppose  that  the  simple  substances  mentioned  are
fixed by the cells in which  the  anaphylactic  reaction  takes  place.
It may be  concluded  that:
s Doerr,  R.,  in  Ergebn.  Hyg.,  Bakt.,  Immunitdsforsch.,  u.  exp.  Therap.,
1922,  v, 100.
9  Cf. the results of Swift and  Curschmann and others.
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1. Animals can be sensitized through  injections of one azoprotein-
protein combined with diazotized para-arsanilic acid-against another
compound containing  the same azo-component but a different protein.
2. Injections  of  related  simple  compounds,  as  for  instance  para-
arsanilic  acid  and  phenyl-4-arsonic-acid-azo-tyrosine  did  not  cause
shock  in the  sensitized  animals  under  the  conditions  of  the present
experiments.
3. The simple  compounds mentioned  and other related  substances
as  well  protect  against  the  anaphylactic  action  of  azoprotein,  by
inducing  a  state  of  antianaphylaxis.